The analysis of high-energy background radiation (0.1-2MeV) 
. These very short-lasting events observed on 49 ground detectors should be produced by negative IC lightning by the same mechanism as 50 TGFs.
51
The second theory proposes that the seed electrons are secondary cosmic rays [Dwyer 52 et al., 2003 [Dwyer 52 et al., , 2008 [Dwyer 52 et al., , 2012 . This theory is a very well proven phenomenon by the observation 53 of the long TGEs, which are high energetic fluxes with durations of several seconds to 54 several minutes and energies up to 10 MeV that seem to be modulated by the electric 55 field of thunderstorms [Torii et al., 2009; Chilingarian et al., 2012] . Those events are often 56 formed by γ radiation and energetic particles such as electrons and neutrons FABRÓ ET AL.: ENERGETIC RADIATION OF THUNDERSTORMS the methodology and the data analysed. Results are presented in section 3 and discussed 85 in section 4. Finally, the main conclusions are summarized in section 5.
86

Instruments and data
Observations presented in this study were conducted in the Ebro delta region which 
97
This multichannel analyser is configured in the 1024 channels mode and is used to record 98 cumulated counts of the high-energy background radiation in periods of 1 minute in the 99 energy range 0.1-2 MeV. In this paper only the analysis of the background radiation 100 detected by the second scintillator is carried out.
101
To have an estimation of the precipitation occurring on the high-energy instrument 102 location, two data sources have been used. First, reflectivity data from the "Tivissa - the 12-dBZ threshold, indicated in the description of the radar data, for the reflectivity.
148
If radiation enhancements are produced by radon-ion daughters, we should expect that 149 radiation increment begins and finishes after precipitation, i.e., T10 > 0 and T90 > 0.
150
Moreover, we should expect that radiation increments would last longer than precipita- and emit radiation for a long time after precipitation finishes. discontinuous, but there is also good correlation with the radiation increments. In figure   164 4.c it is shown that from 0900 to 0920 UTC (in Spain the LST is UTC+1 in winter and 165 UTC+2 in summer) positive charge was present between 1.5 km and 3.6 km and negative 166 charge from 3.5 km to 5.5 km only for the first storm. In table 1 can be seen that T10R
167
> 0, T90R > 0 and T90P > 0 for all the cases. For the thunderstorms 1 and 3 T10P < 0.
168
For the case of 30 November 2013 it can be seen in the 4.a,b). However, in this case there is no lightning activity close enough to MonNatura to allow the inference of charge regions altitudes (figure 3.c). For this case the spectrum of 175 two periods of one hour corresponding to rain and no-rain situations in the figure 9 it is 176 also presented. The peaks 1 to 5 and 7 that exist only in the rainy period corresponds to 177 radon-ion daughter decay energies, while the peak 6 that exists in both cases corresponds 178 to potassium, as can be seen in the table 2. As previously mentioned, only one spectrum 179 is presented because same peaks appear in the six episodes.
180
The last winter case, the 18 January 2014 episode, it has two identified storms ( figure ) 181 between 0600 and 0800 UTC in the morning. 
Summer Storms
The first analysed day of summer is the 2 August 2014. Two storms have been identified. radar reflectivity for the second storm for which it has also been identified negative charge 209 between 3.7 km and 5.8 km and positive charge between 7.8 km and 9.2 km.
210
Finally, for the case of 29 August 2014, there is one storm lasting less than one hour.
211
There is a good agreement between reflectivity, precipitation and radiation (figures 8.a,b) 212 and exists convective radar reflectivity. It can also be seen in table 1, as in most of 213 the previous cases, that reflectivity and precipitation begin before a radiation increase,
214
and decrease before the end of radiation (T10R >0, T90R >0, T10P >0 and T90P >0).
215
Radiation enhancements have a longer duration than precipitation and reflectivity (T90R 
Discussion
A total number of 13 storms have been identified, 8 in winter and and 5 in summer. • In all of the cases T90R and T90P are > 0, which means that radiation increment 266 continues after precipitation ceases. This is consistent with attributing radiation incre-267 ment to precipitation because radon-ion daughters continues decaying and emitting after 268 precipitation ceases.
269
• In 12 storms T10R > 0 while in 9 episodes T10P > 0, which means that radiation 270 incrase begins after precipitation. T10R and T10P comprise a wide range of time differ-271 ences from 6 to 134 minutes. Bhandari [1963] showed that 50% of precipitated radon-ion Nest tower, and as we pointed out previously, negative upward leaders from the tower are 304 very rare. Therefore, we assume the existence of the LPCL. Figure 11 shows the assumed 305 sequence of events to figure out the anomalous high X-ray activity observed until the 306 moment of the negative leader initiated at the tower: 1) Before the leader was initiated what led to a decrease of the intensity of the electric between the main negative charge 311 region and the LPCL.
2) The intensity of the electric field had been reduced and it was 312 not enough high to sustain the TGE. The cloud was more positive [Krehbiel et al., 2008] 313 and the intensity of the electric field between the ground and cloud base had increased 314 what led to the initiation of the negative leader at the tower.
3) The TGE finished. of the second storm of 18 January 2014 (figure 5.c), but there was not any associated 331 radiation increase different than that associated with the precipitation for either episodes.
332
Finally, it is important to say that the detectors used on these experiments detects 333 photons with energies up to 10 MeV, which have a larger mean free path than radiation 334 reported here (up to 2 MeV). This is the reason why, although radiation increments have 335 been attributed to radon-ion daughters for the reasons discussed above, the possibility 336 can not be rejected that NaI(Tl) scintillator is also being radiated by γ energetic photons 337 produced by other mechanisms, like long TGEs. 
Conclusions
We presented data of high-energy radiation enhancements with long durations associ- Table 2 . Energies of the peaks identified in the spectrum of figure 9 of potassium and those corresponding to radon-ion daughters descendants of decay chains of uranium and thorium. 
